Abstract: Previous research on the relation between oxytocin and trustworthiness evaluations has yielded inconsistent results. The current study reports an experiment using artificial faces which allows manipulating the dimension of trustworthiness without changing factors like emotions or face symmetry. We investigate whether (1) oxytocin increases the average trustworthiness evaluation of faces (level effect), and/or whether (2) oxytocin improves the discriminatory ability of trustworthiness perception so that people become more accurate in distinguishing faces that vary along a gradient of trustworthiness.
Introduction
Oxytocin (OT), the hormone well-known for its involvement in parturition and lactation, has recently seen a surge of interest with respect to its role in regulating social behaviour. Among humans, its prosocial effects have become well-documented. For example, after intranasal administration of OT, people tend to be more trusting (Kosfeld et al., 2005) , more generous (Zak et al., 2007) , and more cooperative towards in-group members (Kosfeld et al., 2005; De Dreu et al., 2010; De Dreu et al., 2011) . However, the relation between OT and social behaviour does not appear to be straightforward, and when no social information is available, OT even makes people more cautious and uncooperative (Declerck et al., 2010) .
Given the complex relationship between OT and social functions, some authors have suggested that the multitude of reported influences on social cognition and behaviour might be the ultimate result of a few more basal processes that are influenced by OT, such as perception, motivation, and anxiety (Churchland and Winkielman, 2012) . One of the wellestablished facts regarding the neural functions of OT is that it reduces amygdala activation when it is exogenously administered (Kirsch et al., 2005) . This in turn lowers social anxiety, which appears to facilitate trust (Baumgartner et al., 2008) and social approach behaviour (Kemp and Guastella, 2011) . However, trusting behaviour is not only a function of reduced anxiety, but it is also moderated by the perception of trustworthiness (Adolphs, 2003; Frith and Frith, 2006; Krumhuber et al., 2007) . In fact, perceptions of the trustworthiness of the partner have already been shown to matter greatly in the relation between OT and trust-related or cooperative behaviours (Mikolajczak et al., 2010) . Thus, to fully understand how OT affects prosocial behaviour, given that it lowers social anxiety, one also needs to understand how OT affects the perception of trustworthiness.
This study addresses if and how OT influences the perception of faces that have been manipulated to vary on the dimension of trustworthiness. We investigate (1) if OT has a main level-effect on the perception of trustworthiness by which it would cause neutral faces to be perceived as more trustworthy, and (2) if OT affects the discriminatory ability of people who are asked to judge faces that vary only in their dimension of trustworthiness.
Previous research that has examined the relation between OT and the perception of trustworthiness has yielded inconsistent results. In the study by Theodoridou et al. (2009) participants who received OT judged faces as more trustworthy compared to those who received a placebo. In contrast, other studies found no significant effect of OT on trustworthiness evaluations (Guastella et al., 2008; Rimmele et al., 2009 ). These studies, however, used pictures of real faces, making it difficult to isolate the dimension of trustworthiness. Other factors such as facial symmetry are difficult to control for in natural facial expressions and may be accidentally introduced as confounds between comparison groups. Also emotional expressions (which may interact with the perception of trustworthiness) are difficult to exclude in real faces. To avoid some of these problems the current study makes use of artificially generated faces that have been validated in previous research (Oosterhof and Todorov, 2008; De Dreu et al., 2012) . Therefore, the first objective of the current study is to replicate the above research and test if OT increases, on average, trustworthiness judgments of artificially generated, neutral faces that are devoid of recognizable emotional expressions.
An alternative means by which OT might influence the perception of trustworthiness of faces is by refining the perceptual accuracy of people's judgments, so that OT facilitates discriminating faces that vary in increments along the dimension of trustworthiness. Previous 4/12 studies have already revealed greater accuracy and increased processing speed in people who received OT compared to placebo, leading to better recognition of mental states and emotional expressions (Domes et al., 2007; Schulze et al., 2011; Lischke et al., 2012a; van Ijzendoorn and Bakermans-Kranenburg, 2012; Fischer-Shofty et al., 2013) . However, as far as we know, none of these studies has experimentally manipulated the gradient along which perceptual judgments were tested. Therefore, the second objective of this study is to investigate if OT improves the recognition of trustworthiness of artificially generated faces that vary incrementally from less trustworthy to more trustworthy, but are otherwise emotionally neutral. Based on previous research that suggests that OT makes people more cautious (Striepens et al., 2012) , we hypothesize that participants who received OT will make less mistakes in classifying faces, especially those that are perceived to be untrustworthy.
Methods

Participants
We recruited participants by e-mail and invited them to participate in a behavioural experiment that evaluated the effects of a hormone on on evaluative judgments. A total of 112 students of the University of Antwerp registered to participate in exchange for monetary remuneration. We used the results of 106 participants (61 females, 45 males; mean age = 22, S.D. = 2.5) in subsequent analyses: five individuals were deleted because they did not correctly complete the experimental task and one participant did not sufficiently commanded the Dutch language in which the study was conducted.
Inclusion criteria for participation included the abstinence of alcohol and nicotine 12h, and the use of medication other than anti-conception 24h prior to the study. Participants were free of neurological or psychological disorders, and had no nasal obstruction or colour vision deficiency. To exclude the administration of OT to pregnant women, we distributed a pregnancy test to all female participants, which they took anywhere between 1 and 48 hours prior to the experiment.
All participants gave written informed consent to the study procedures which were in accordance with the Declaration of Helsinki and were approved by the Ethical Commission of the University of Antwerp. Debriefing occurred by sending participants an e-mail referring them to a website where the methods, results and conclusions were explained.
Participants received a show-up fee of €10 which was increased with the earnings from an interactive game which was held at the end of the experiment 1 . Mean profit was €18.17.
Sessions
Seventeen sessions were held in computer rooms with no less than 4 and no more than 10 participants in each session. All sessions took place between 0945h and 1500h and took around 75 minutes to complete. Face to face contact between participants was kept to a minimum and no conversations were allowed during the experimental tasks.
Procedure
Participants were instructed to self-administer an intranasal dose of 24 IU OT (Syntocinon, Novartis; tree puffs per nostril with one minute in-between puffs) or placebo following a double-blind random design. The placebo contained the same active ingredients except for OT and was prepared by the pharmacy of the University Hospital of Antwerp.
After inhalation, participants waited 35 minutes before starting the actual experimental task. Meanwhile, the participants completed a trial version of the experimental task. The stimuli in this trial version also comprised artificially generated neutral faces, but with different facial identities from those used in the experimental task. The room was darkened to provide optimal viewing conditions and to reduce visual distraction and glare.
The task took around 20 minutes to complete. Afterwards, the participants played an interactive game and filled in a post-experimental questionnaire.
Experimental Paradigm
Participants were asked to evaluate the trustworthiness of two series of pictures showing artificially created faces displayed on the screen 2 . The software used to present the stimuli and to record the evaluation scores was Affect version 4.0 (Spruyt et al., 2010) . The faces were selected out of a database of 175 faces that were created to vary in trustworthiness. The dataset was created by Oosterhof and Todorov (2008) using FaceGen Modeller version 3.1 (Singular Inversions, 2007) . To create artificial faces that express different levels of trustworthiness, the authors relied on pictures of real faces against which the artificial faces were validated. To make sure that the colours of the faces did not interfere with judgement, the L*a*b* values of the faces were changed so that the mean values were equal between pictures 3 . The pictures were shown on a black background. To evaluate trustworthiness, participants used a left-mouse click to assign a score on a digital scale shown at the bottom of the computer screen. The scoring was self-paced. A fixation cross lasting 1.5s was shown between each trial and there was a one minute interval between the two series.
The first series (testing objective 1) consisted of five neutral faces each with a different identity and displayed one by one. Participants were asked to indicate on a scale ranging from 0 (not at all trustworthy) to 9 (very trustworthy) how trustworthy they thought the person was.
The second series (testing objective 2) comprised 35 trials (five face identities times seven variations of trustworthiness) in which two faces were displayed on the computer screen at the same time. The left face was always a neutral face, while the right face, depicting the same identity, was manipulated to vary in trustworthiness. To manipulate trustworthiness, we used seven variations of each face that varied from untrustworthy to trustworthy. These variations were included in the data set created by Oosterhof and Todorov (2008) . The participants were asked to give a score ranging from -4 (right face more 2 Two additional series of pictures were also included in this experiment which were manipulated by the author to vary in facial redness. These pictures were to be evaluated on perceived health. The order in which the trustworthiness and health series were shown was random. At the end of the experiment, the participants also evaluated pictures of scenes on the level of disgust. The results pertaining health and disgust evaluations will not be further elaborated on in this paper because these data were collected in order to test different hypotheses that are unrelated to the current one. 3 L*, a* and b* are colour dimensions in the CIE 1976 colour space determining the lightness, the redness (in contrast to green) and the blueness (in contrast to yellow). untrustworthy than left face) to +4 (right face more trustworthy than left face) with 0 indicating no difference between the left and the right face.
Results
To validate the trustworthiness scale created by Oosterhof and Todorov (2008) for the current study, we first averaged all of the participants' trustworthiness scores assigned to each of the neutral faces. Figure 1 shows that four out of the five faces were perceived to be neutral (score five on a scale from 0 to 9). Because face 3 deviated significantly from the four other scores we excluded this stimulus from further analysis. Next, we plotted the averaged perceived trustworthiness scores for each of the stimuli of the second series (comparison between a neutral and a manipulated face) relative to the trustworthiness scale dimension (see fig. 2 ). Visual inspection shows that, in accordance with the results of Oosterhof and Todorov (2008) , the relation is linear. More importantly, we notice no apparent effect of OT on perceived trustworthiness above the effect of the scale dimension. To test this statistically, we pooled the data of the four face identities for each participant and conducted a regression analysis on the perceived scores. The independent variables in this regression are the trustworthiness dimension (ranging from -3 to 3), the treatment (1 = OT, 0 = placebo) and sex of the participant. The latter is included because recent publications indicate that sex can be a moderator on the effect of OT (Domes et al., 2010; Lischke et al., 2012b) . The trustworthiness dimension appears to be the sole predictor for perceived trustworthiness (B = 0.534, Std. Error = 0.015, p < 0.001).
To test the main-level effect of treatment (OT versus placebo) on the perception of neutral faces (objective 1), we conducted a 4 (face identities) * 2 (treatment) * 2 (sex) repeated ANOVA analysis on perceived trustworthiness with face identity as a within-subject factor. No significant effect of face identity, treatment or sex was found, neither did any of the interactions between these variables prove to be significant.
To test if OT affects the accuracy of trustworthiness perception (objective 2), we compared the number of misclassifications made between the OT and the placebo group. A misclassification is defined as giving a positive score to a face that is registered as untrustworthy or vice versa. Table 1 shows that the number of misclassifications versus correctly evaluated faces differed by treatment, but only in the case of untrustworthy faces: relatively less mistakes were made in the OT-group (Fisher's exact test; p = 0.0062). When trustworthy faces were evaluated, or when trustworthy and untrustworthy faces were pooled, OT had no significant influence (Fisher's exact test; p = 0.65).
As a robustness check, we conducted regression analyses on the number of misclassifications of each participant (see table 2). We fitted six different negative binomial models: First, we conducted a regression analysis on the number of untrustworthy faces misclassified as trustworthy and again we took sex (female = 0, male = 1) into account as a possible moderator. Model 1 shows a significant effect of OT (B = -0.46, p-value = 0.04). Model 2 indicates that OT does not interact significantly with sex. Second, we did the same for the misclassifications of trustworthy faces (model 3 and 4) but this did not yield any significant results. Third, we pooled the trustworthy and untrustworthy faces and structured the data in panel form. We included a dummy regressor indicating if the face is untrustworthy (coded 0) or trustworthy (coded 1). Model 5 shows that the main effect of treatment was not significant. Finally, in model 6 we investigate the interaction effect of OT and trustworthiness. This interaction is found to be significant (B = 0.57, p-value = 0.03) which corroborates that the effect of OT depends on whether the face is trustworthy or untrustworthy. Because the amount of misclassifications for untrustworthy and trustworthy faces were both overdispersed (D untrustworthy = 2.29; D trustworthy = 2.25), we fitted a negative binomial in each model using the statistical package Stata 9 (StataCorp, 2011).
Discussion
Two conclusions can be drawn from these data. First, the results indicate that OT, compared to placebo, does not, on average, improve the evaluation of the trustworthiness of faces. Participants who were given a single intranasal dose of 24 IU OT did not perceive an artificially generated, neutral face as being more trustworthy than participants who received a placebo. Second, the accuracy to discriminate between trustworthy and untrustworthy faces is significantly improved by OT: an untrustworthy face was misclassified as trustworthy less often in the OT group relative to the placebo group.
The absence of a main effect of OT on trustworthiness perception contradicts the results obtained by Theodoridou et al. (2009) , who reported that participants in their experiment rated pictures of neutral faces as more trustworthy and attractive if the participants received OT rather than placebo. A first and straightforward explanation for the different results between the two studies may be the use of different facial stimuli. While Theodoridou et al. (2009) used pictures of real faces, we used pictures of computer generated faces. Although these faces captured variations in trustworthiness in a consistent way, they may have been perceived to be artificial and lacking a social component because they are not 'real'. Previous research already points to the importance of subtle social information on the effect of OT. The study of Declerck et al. (2010) indicates that face to face contact with a partner is an important moderator in the relation between OT and trusting behaviour. This is also shown in the study of Mikolajczak et al. (2010) , who found that people would not plainly trust more when they received OT, but that instead OT made them more considerate for the information on vignettes describing their partner. The absence of "real" information in an artificial face could have rendered the functions of OT to be obsolete.
Alternatively, the absence of a main effect of OT on trustworthiness perception could possibly be attributed to the moderating effect of individual differences. This would mean that the marginal effect of OT would be greater for people that are either low in endogenous OT, or for individuals lacking certain social skills. For example, Declerck et al. (2013) found that OT does not affect overall levels of cooperation in a prisoner's dilemma game, but that it is dependent on a three-way interaction: OT only significantly boosted cooperative behaviour of individuals who were a-priori classified to have a proself value orientation, and only when they had enjoyed prior contact with their partners. Similarly, the results of Fischer-Shofty et al. (2013) showed that the effect of OT on recognition of kinship and intimacy is only apparent in schizophrenia patients who are less socially competent and not in a control group of healthy people.
Finally, we note that the effect of OT on perception may be more subtle and difficult to detect when perception is decoupled from a behavioural goal. For example, De showed that, while OT does not change the perception of threat (a combination of trustworthiness and dominance) displayed by faces, it may still influence behaviour. Males who received OT chose for faces expressing high threat to be their allies in a competitive setting while the placebo group chose faces with low threat. In other studies where perception does not hinge on an experimental tasks, null effects of OT have been reported several times. Guastella et al. (2008) asked participants to indicate their perceived trustworthiness of neutral, happy and angry faces. Rimmele et al. (2009) investigated how willingly participants approached faces with negative, neutral or positive emotional expression. In neither study was an effect of OT observed.
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The finding that OT improves the detection of untrustworthy faces is compatible with a recent study (Striepens et al., 2012 ) that reported a facilitated acoustic startle reflex as well as improved memory for negative stimuli in response to exogenous OT administration. However, they found that the valence ratings of affective loaded pictures were not affected by OT. This is consistent with the proposition that OT is unlikely to influence perception unless the stimuli are environmentally salient. This is also substantiated by a recent study of Stallen et al. (2012) : when participants were asked to evaluate the attractiveness of a series of symbols, OT only affected the evaluative scores when additional information was provided regarding the ratings of other people that were either on the same, or on another team. Given that people like to conform to others with whom they associate (the ingroup), OT influenced ratings only in those conditions when the in-and outgroup opinion differed, in which case it facilitated a conformist rating to the ingroup. OT did not influence the evaluative scores when no ratings of other people were available, or when the in-and outgroup provided similar ratings. In the latter case, the information loses saliency with respect to the desire to conform to the ingroup. Participants still conformed to the ratings, but no additional effect of OT (relative to placebo) was noted.
The bias to conform to one's ingroup (in the study by Stallen et al. (2012) ), the increased sensitivity to negative stimuli (in the study by Striepens et al. (2012) ) or to untrustworthy faces (in the current study) under influence of OT can be explained by Error Management Theory (Haselton and Nettle, 2006) : throughout evolution an adaptive error bias has emerged which minimizes the number of false-positive or false-negative to assure the lowest cost to survival. In a social situation, there is less risk involved when conforming to the in-group or distrusting a trustworthy person than when conforming to the out-group or mistakenly trusting an untrustworthy face. Hence people should heuristically avoid misclassifying untrustworthy faces. Not surprisingly it is this type of error that appears to be reduced after OT administration: we found that the difference in accuracy of classification was significant for untrustworthy faces, but not for trustworthy.
A similar result was obtained by Di Simplicio et al. (2009) . When they asked participants to label the emotion expressed by faces as fast and accurate as possible, they found that participants who received OT misclassified the emotion of "surprise" less often than those in the placebo group. Surprise is an emotion that is expressed when something in the environment does not fit the expectations. Detection of surprise in other people can possibly make people more aware of relevant changes or potential danger. Therefore, the improved detection of surprise in others may have adaptive value.
Together with our current findings that OT improves the detection of untrustworthiness, these findings fit the general conclusion of Striepens et al. (2012) that OT is promoting heightened caution, rather than trust.
In summary, the results of the current study do not support the notion that OT indiscriminately improves perception of trustworthiness. OT does not make people gullible. The effect of OT is more subtle: when perception is decoupled from an a actual task, OT may still facilitate awareness of social information, but only if it is relevant with respect to survival. Thus OT helps people to discriminate between trustworthy and untrustworthy faces while it does not need to change the evaluation of trustworthiness. Future research should continue to investigate the role of social information, environmental saliency, and individual differences when examining the relation between OT and perception. The number of misclassifications of untrustworthy faces, trustworthy faces and all faces and the results of the Fisher's exact tests. Unstandardized regression coefficients of the negative binomial regression analyses on the number of misclassifications. Standard errors are given in parentheses. All p-values are onetailed . Oxytocin (OT; coded 1; placebo = 0) and trustworthiness of the faces (untrustworthy = 0; trustworthy = 1) are the predictor variables of interest. Sex (female = 0; male = 1) is added to the models as control variable and is tested as a possible moderator on the effect of oxytocin. Participants (106) evaluated three trustworthy and three untrustworthy variations of four different face identities.
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Figure 1: Evaluations of Trustworthiness of Neutral Faces
All 106 participants evaluated the trustworthiness of five neutral faces of different identity (Face 1 to 5; obtained from the dataset created by Oosterhof and Todorov (2008) ). Error bars represent the standard error of the mean.
Figure 2: Perceived Trustworthiness of Faces of Varying Trustworthiness Level
All 106 participants evaluated 35 faces in comparison to a neutral face of the same face identity and gave them a score between -4 and +4 on perceived trustworthiness (not whole range is depicted). Mean scores with standard error are depicted for each value of the trustworthiness dimension (ranging from -3 to 3, see Oosterhof and Todorov (2008) ).
